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Summary findings
The recent growth of foodgrain (primarily rice) level of per capita production can be sustained only production in Bangladesh has outpaced population through increased yields from modern rice varieties. growth largely because of the spread of green revolution
Other factors that could affect growth in per capita technology. The transition from being labeled a "basket rice production are population control (which is found case" in rhe early 1970s ro the virtual elimination of rice to have significant long-term benefits) and faster imports in the early 1990s is particularly remarkable conversion of remaining areas to modern varieties (which considering the severe land constraint in Bangladesh.
is found to have important short-run payoffs). Two decades of concerted government efforts to achieve But population control and faster conversion to rice self-sufficiency have created both an atmosphere of modern varieties are only complements for the most optimism and concerns about whether rice selfimportant factor: efforts to increase the yields from sufficiency is sustainable. modern rice varieties. If policies designed to raise the Baffes and Gautam find that rice production grew in overall rate of economic growth and reduce poverty Bangladesh between 1973 and 1994 mainly because of succeed, it will be even more critical to focus on the conversion of rice-growing areas from local to increasing productivity. modern varieties. Simulations suggest that the current This paper -a product of the Commodity Policy and Analysis Unit, International Economics Department -is part of a larger effort in the department to analyze global food security issues. Copies of the paper are available free from the World Bank, 1818 H Street NW, Washington, DC 20433. Please contact Pauline Kokila, room Figures.. 20
Introduction
The growth of foodgrain production in Bangladesh -primarily rice -has outpaced population growth largely because of the spread of green revolution technology. The transition from being labeled a "basket case" in early the 1970s to the virtual elimination of rice imports in the early 1990s is particularly remarkable considering the severe land constraint in Bangladesh. A culmination of two decades of concerted efforts by the Government towards rice self-sufficiency, this feat has simultaneously created an atmosphere of optimism and raised concerns about its sustainability.
The discussion on the sustainability of output growth in Bangladesh is topical in light of the current debate on the Earth's carrying capacity. Projections of future global food demand and production levels, although based on the same historical data, differ depending on the assumptions maintained (McCalla). For example, Mitchell and Ingco argued that if past trends in crop yields continue and population growth rates decline as projected, then improvements in the world food situation as seen in the past 30 years should continue. Brown and Kane, on the other hand, argue that several constraints are emerging to prevent past trends from continuing.
Additional research also suggests that the current, relatively comfortable food situation may not last for long and that complacency at this time is misplaced and premature (PinstrupAnderson and Pandya-Lorch). With limits on cultivable area, rapid population growth, stagnating yields, and potential resource degradation, the future does not appear to be promising.
It is generally argued that raising yields are the key to promoting and sustaining growth in food output. In the long run, this would entail increased research to develop superior grain varieties;
in the short run, it requires dissemination of accumulated knowledge, delivery of appropriate technology, and input intensification to close existing yield gaps (Anderson et al.) .
The objective of this paper is to evaluate the future prospects of rice for Bangladesh under alternative strategic policy directions. The analysis serves two purposes. One is to assess the future growth prospects for Bangladesh's agriculture. The analysis is focused on rice because it is the most important crop, contributing 70% of crop GDP, and over 50% of the agricultural GDP which in turn accounts for a third of national GDP. More importantly, past growth in gross crop revenue has been due almost entirely to the growth in rice production, raising concerns whether past performance can be maintained, and if so, for how long. The second purpose of the analysis is to use Bangladesh as a case study to contribute to the global debate on the sustainability of food output. With abundant water resources and low rice yields, Bangladesh has a relatively greater potential for expanding food production by maintaining the momentum of the green revolution than many other developing countries (Brown and Kane) . Thus, with an a priori optimistic outlook, the results would be indicative of the prospects for other developing countries.
To identify the potential for further growth, the first part of the paper decomposes past growth in rice production to identify its major sources. The analysis is restricted to the growth in area and yields of rice varieties to study the impact of physical constraints on the spread of the current technology, and hence on the growth process. This framework allows identification of variables for broad policy direction. It is also complementary to micro-economic analyses; e.g., the total factor productivity approach which accounts for the contribution of inputs to output growth and-duality applications that study the structural properties of production technology.
The second part of the paper is concerned with the conditions under which past growth can be sustained in the future. These conditions embody options affecting population growth, rate of conversion from traditional to modern rice varieties, rice yields, and income growth. The alternatives give profiles of per capita rice production and consumption over the next 20 years and are used to identify areas on which policy must focus to sustain growth in output. It must be emphasized that the purpose of these simulations is to qualitatively assess the effects of alternative policy thrusts on long-run outcomes. The conditions underlying each simulation are intended to reflect the necessary actions that might be needed to achieve the intended outcomes, without making any judgment on the desirability of specific policies.
Identifying the Sources of Growth
There are three rice cropping seasons in Bangladesh. Aus is a short-duration crop which is directly seeded in March-April and harvested in July-August, utilizing the pre-monsoon rain water. Aman, from June-August to November-January, is the monsoon crop. It grows with the flood waters and is harvested after the floods recede. Shorter duration modern Aman varieties have made room for short-duration non-rice crops (oilseeds and pulses) before the high-yielding dry season crop is transplanted. Boro, from November-January to April-June, is the dry season crop. With the development of controlled (groundwater) irrigation, Boro modern variety rice has expanded rapidly at the expense of Aus.
Both local (Lv) and modern (Mv) varieties can be grown in all three seasons. 2 However, because of overlapping production cycles, area under the more profitable Boro expands at the expense of Aus and broadcast Aman. Since Boro rice is almost entirely irrigated, area allocated to it can also be viewed as irrigated area. Table 1 gives the 1973-75 and 1992-94 average rice production, area, and yield for the three seasons and two rice varieties. 3
2a. Growthl Decomposition
4
This section decomposes past growth in rice production. Production in year t, Q, is the sum of the output of the two varieties in the three seasons:
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i=I j=I where i = MV, LV and j = Aus, Aman, and Boro; thus Q,Ij denotes production of rice variety i in seasonj. Expressing Q,j as the product of area, A,' and yield, Y,IJ, (1) can be written as:
The growth rate of total rice production, p, for a particular time interval (t = m, ... , can be expressed as the weighted sum of growth rates of each component:
1=1 j=I where PAU and p,'J denote growth rates of area and yield of variety i in seasonj and wv'j is the corresponding weight, with all weights summing to one. The weights are defined as:
Depending on the specific objective of the decomposition, n and m can take any value within the sample range.5
Inserting (4) into (3) and setting n = T and m = 1 gives the final formn of decomposition:
Growth in total rice production in (5) is thus decomposed into 12 parts defined by the two varieties (Mv and LV), the three seasons (Aus, Aman, and Boro), and the two components (area and yield). Finally, dividing both sides of (5) by p and multiplying them by 100 gives the decomposition in percentage terms.
2b. Estimating the Rate of Growth
Suppose that Q,, which grows at rate p, is subject to stochastic shocks, u,. That is,
It is assumed that a multiplicative error, representing proportional shocks, is a more appropriate representation than an additive error, representing similar magnitudes of shock at all levels of output (Banerjee, et al.) . From (6) it follows that Q,-1 = (1 +P)Q,U2U. 1 . Inserting Q, 1 into (6) gives Q, = (1 +p)2 Q,. 2 u 1 u,, while recursive substitution yields:
Taking logarithms in (7) and setting u = ln(Qo), ,l? = ln(1 +p), and s, = X,ln(u,) gives, (6) may not exist (in the sense that the stochastic component drives Q, in (6) rather than the deterministic one).
In the case where s, is I(1), an alternative way to estimate the growth rate would be to take logarithms in (6), rearrange terms and substitute as before:
where v, = ln(u,). The growth rate as given in (9) is simply the arithmetic mean of logarithmic changes of Q,. Thus, for an I(1) process, only the information contained in the first and last observations of the sample is useful in estimating the rate of growth. 6
To determine if the estimated coefficients represent firm estimates of the underlying growth rates, the performance of (8) is assessed by both conventional and stationarity statistics. 7
Further, although this single equation framework implicitly imposes the weights (4) used in the decomposition (5), the validity of this restriction can be formally tested using the nonlinear crossequation restriction that the weighted contribution of each growth component adds up to the growth rate of total output.
Results
Bangladesh Bureau of Statistics (BBS) data on rice area, yield, and production for the period are used for the analysis.8 The full set of regression results are reported in appendix B ( Total rice production grew at an annual rate of 2.65%. Rosegrant and Pingali report that the rice output growth rate for Asia increased from 2.60% per annum during the pre-green revolution period (1958 to 1966) to 3.30% during the post-green revolution period (1966 to 1982) . Thus, the 2.65% growth rate places Bangladesh well below the Asian average for the post-green revolution period. This is also consistent with evidence of low technical efficiency in the production of MV rice in Bangladesh (Sharif and Dar) . Seasonal estimates show that Boro rice production has grown substantially (7.07%) while Aman production has grown at a much lower rate (1.94%) and Aus production has declined (-1.36%).
The growth in gross area allocated to rice production has been negligible (0.20%). That is, almost all growth in rice production has been due to increased average yields. At the seasonal level, area allocated to Aman rice has remained unchanged while area allocated to Boro rice has increased at the expense of Aus (at rates of 5.55% and -2.66%, respectively).
In all three seasons average yields experienced steady growth: 1.33%, 1.98%, and 1.44%
for the Aus, A man, and Boro season, respectively. The growth rates of all seasonal yields are below the overall growth rate of 2.44%, because a significant part of the overall yield growth has been due to the increase in Boro area (from 1,065 to 2,605 thousand hectares) largely at the expense of Aus (from 3,072 to 1,767 thousand hectares).
Distinguishing local and modern variety yields highlights some important features.
Average Mv yields (figure 1) remained virtually unchanged while LV yields (figure 2) grew at an average of 1.29% for the entire 1973-94 period. Disaggregating at the seasonal level, Aus MV 5 yields declined at the rate of 1.92% while they remained almost unchanged for Boro and Aman (0.03 % and 0.10%, respectively). Growth in LV yields for the Aus and Aman seasons was higher (1.25% and 1.29%, respectively) relative to the Boro LV yield growth rate (0.42%).
In the mid 1980s, the Government of Bangladesh liberalized agricultural input markets and deregulated the import of minor irrigation equipment (Hossain) . This led to a rapid expansion of irrigated acreage (especially Boro) in the late 1980s. To allow for a structural break due to the policy reforms, growth rates were re-estimated for the two subperiods 1973-87 and 1987-94 using a kinked growth regression (see appendix A for a description of the model). As in the constant growth rate model, the hypothesis that the weighted contribution of the 12 components add up to the estimated total growth rate in each subperiod could not be rejected with a i statistic of 0.33. The growth rates of the two subperiods are reported in the middle and lower panels of table 2.
For the pre-and post-87 periods, annual growth in total rice production was estimated at 2.60% and 2.84%, respectively, while the growth in rice area was estimated at 0.47% and -0.81%, respectively. Annual MV yields in the pre-87 period experienced a decline of 0.41%, Aus and Aman, primarily due to the decline in the area devoted to these crops.
To summarize: conversion from LV Aus and LV Aman to MV Boro contributed the most to the growth of rice production followed by conversion from LV to MV during the Aman season and by LV yield growth in the Aman season. Thus, the success of the green revolution in Bangladesh should be attributed mostly to the conversion from local to modern rice varieties and not to increase in modern variety yields. Moreover, the fact that in the last 10 years real crop GDP grew at 1.87% annually and that rice contributes about 70% to crop GDP suggests that almost the entire growth in crop GDP has been due to the conversion from local to modern rice varieties.
Wheat production in Bangladesh has followed a similar pattern. In 1973 it covered 119,000 hectares with 82% under local varieties. By 1987 the entire wheat area (540,000 hectares) was under modern varieties. Production before 1987 grew at an annual rate of 25.52%.
Of this growth, area expansion accounted for 16.59% and the conversion from LV to MV and yield increases accounted for the rest. Between 1987 (when the completion of the conversion to modern varieties was completed) and 1994 wheat production grew at only 1.28% annually, with three-fourths of this growth due to area expansion and one-fourth to yield increases.
Similar findings are reported in a recent study by Byerlee and Siddiq regarding wheat production in Pakistan. They write that "The most striking trend is the slow rate of progress in In a study of rice production in the Philippines, Bouis reports that increases in proportion of area planted to MV rice was one of the major sources of growth (in addition to shifts in the fertilizer response function). Furthermore, MV rice in the Philippines has approached 90% of all rice area and can no longer be counted on as a source of growth in the future.
The decomposition findings have important policy implications for the simple reason that each of the growth components has a limited potential for expansion. For example, the land potential has already been exhausted. Thus, conversion from local to modern varieties is limited by the total area allocated to rice. When this potential is exhausted, assuming that current yield trends continue, the growth in rice production will decline significantly. Coupled with a growing population, this will imply a decline in per capita production.
Simulations
Based on the findings of the previous section, this section examines whether and under what conditions growth in rice production can be sustained. This is done by simulating the likely impact on per capita rice production of alternative assumptions about MV yield changes, the rate of and limits to adoption of Mv technology, and population growth. Finally, to evaluate future excess supply/demand of rice, we also simulate changes in aggregate per capita demand for rice using the historical GDP growth and average income elasticity estimates.
4a. Projecting Per Capita Rice Production
Projections of per capita rice production (q,) are based on the following relationship: MV YIELDS: The rate of growth for the entire period in MV yields was found to be -0.03%
(which for practical purposes is viewed as zero). Accounting for the structural change, the growth of MV rice yields was -0.41% in the pre-87 period and 1.42% in the post-1987 period.
These provide 3 potential MV yield growth paths for the future. To these is added a relatively more optimistic scenario whereby Bangladesh is expected to increase its MV yields from the 11 to 50% reflecting a rate of growth of 7.61 % (figure 3). Under this historical rate of conversion, in less than 8 years 90% of rice area will be under modern varieties. However, as the conversion is closely associated with irrigation expansion, which is becoming progressively more costly, it is unlikely that the historical rate of conversion can be maintained. Accordingly, the two rates of conversion from LV to MV considered are 3 % and 5 %. These may be viewed as (relatively) pessimistic and optimistic forecasts, although both are less than the historical trend.
MV UPPER BOUND & TOTAL RICE AREA: A third important consideration is the upper bound to the spread of MV technology. This is determined by the total area allocated to rice and limits on the maximum attainable MV intensity. The gross area allocated to rice has remained virtually constant over the past two decades. The agro-ecological circumstances of Bangladesh are a major constraint to further increase the rice cropping intensity, which at 182% is already among the highest in the world. Short duration varieties are already being used in the mid to higher elevations. In the lower elevations, over a third of the area is prone to annual flooding, limiting the potential for increasing the cropping intensity. For simulation purposes it is assumed that gross area allocated to rice in the future will remain constant at the 1992-94 average of 10,135 thousand hectares. Given this, two limits to the expansion of MV intensity are considered: 65% and 80% of rice area. To a limited extent, the 65/80% assumptions implicitly incorporates minor increases in gross rice area.
POPULATION GROWTH: The last parameter considered is population growth (an important policy variable). Two population growth rates are assumed: (i) a fixed rate of 2.05%, which was the 1980-90 inter-census growth rate, and (ii) a declining schedule which assumes an aggressive but attainable population policy aiming at 1.79% growth from 1996 to 2000, 1.59% from 2011 to 2005, 1.36% from 2006 to 2010, and 1.16% from 2011 to 2014 (Bos et al.) . This schedule is consistent with an average annual growth of 1.49%. The first assumption represents the more pessimistic outlook (reflecting recent trends), while the latter is more optimistic.
The four MV yield assumptions, along with the assumptions corresponding to 3/5% MV adoption rate, 65/80% MV ceiling, and 2.05/1.49% population growth, give a total of 32 per capita rice production profiles, as depicted in figures 5 through 12. To put these graphs in perspective, figure 4 presents the 1973-94 trend in per capita rice production.
4b. Projecting Per Capita Rice Demand
To assess the rice imbalance associated with each production scenario, per capita rice demand is also projected. Using a semi-log specification, per capita demand at period t (denoted d,) is projected as:
where pGDP is the GDP growth rate and q is the income elasticity of the demand for rice.
The GDP growth rate over the last two decades has been 4.34%.9 The income elasticity of rice is set to 0.30. With a zero rice imbalance in the base period (consistent with token net exports in 1994), per capita demand is set at 158 kg (the 1992-94 average per capita rice production). With these parameters, two demand profiles corresponding to fixed and declining population growth are obtained. They are also depicted in figures 5 through 12.10
It is clear from (11) that besides population growth, GDP growth and the income elasticity of rice will affect demand projections. We assess the sensitivity of the results to a change in GDP growth rate (by raising it to 5.00%) and in the rice income elasticity of demand (by raising it to 0.40). The various production and demand scenarios outlined above allow us to evaluate the rice imbalance that is likely to emerge in the medium and long terms.
4c. Simulation Results
The simulation results in figures 5 through 12 are summarized in The first general result is that of population control. In the medium run (i.e., 10 years), an aggressive population policy has a marginal beneficial impact on both PPC (ranging from 2 to 3%) and SPC (from 1 to 2 %). The long-run impact is significantly greater, ranging from 7 to 14 for PPC and from 4 to 7% for SPC, depending on the various yield and MV intensity scenarios.
Thus, from a policy perspective, population control has substantial long run pay-offs.
The second noticeable result is the impact of the speed at which MV intensity proceeds. In the long run, both paths result in the same levels of PPC/SPC for corresponding yield and population growth scenarios -this is expected since the maximum attainable intensities of 65 % and 80% are reached well within the 20-year time horizon considered here. 13 Even in the medium run, identical results are obtained for the 65% Mv ceiling case, which is reached in less than 10 years under both rates of adoption. The benefits of a faster rate of adoption for this case are limited to the short run (i.e., over the next 5 years or so). Raising the MV ceiling 80%, produces a significant difference in the profile of the two paths to intensity over the medium run.
The accelerated path creates surplus for both demand scenarios that are 6 to 9% higher than the slower path, depending on the assumptions regarding other parameters. These short to medium run gains offer an opportunity for initiating a structural change in agriculture. The surplus under the more optimistic scenarios could be mobilized either for growth in the nonagricultural sector or to set the stage for diversification into nonrice crops. In short, increasing MV production could open a valuable window of opportunity for agricultural development.
The impact of changes in MV yields is highly significant in both the medium and long runs. As expected, assumption (i) on yield changes, which reflects resource degradation, has a large negative impact on both PPC and SPC, irrespective of the assumptions regarding other parameters. The magnitudes, even in the medium run, highlight the importance of addressing emerging natural resource management issues promptly or even preemptively.
Assumption (ii), which reflects the zero MV yield growth, also leads to substantial declines in Ppc and SPC in the long run. Even for the medium run, PPC is marginally positive only in the most optimistic case with 80% MV ceiling, accelerated MV adoption, and aggressive population control; in all other cases, it is nonpositive. Rice surplus is consistently negative, and quite substantially so, in all cases in the medium run. These results point to the high cost of maintaining status quo with respect to yield changes, irrespective of the value of other parameters. They indicate that other policies are unlikely to compensate for stagnating yields.
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The MV yield growth assumption (iii), which reflects the post-liberalization performance, does better in terms of production per capita, but does not offer much promise in terms of generating a surplus. In the long run, PPC is higher in all cases except that of lower MV ceiling and higher population growth. In the most optimistic case (i.e., higher ceiling and lower population growth) it is significantly higher. The corresponding performance of SPC is not as good; it is marginally lower than the current level even in the most optimistic case and gets worse with increasing pessimism about other parameters. In the medium run, PPC is higher in all cases, but SPC is positive only with higher ceiling and adoption rate scenarios.
The MV yield growth assumption (iv) is the most optimistic. However, as noted earlier, it is not overly ambitious since the MV yield growth rate of 2% was achieved between 1987 and 1991, the years immediately following the deregulation of agricultural input markets in Bangladesh. Not surprisingly, this assumption provides the best results under both demand profiles. PPC is positive under all parametric assumptions, with the magnitude increasing considerably for the more optimistic cases. SPC is also positive for all cases in the medium run, although only marginally with the slower adoption rate and lower adoption ceiling. In the long run, SPC is positive only for the higher MV adoption ceiling, with population control also making a significant contribution.
From a policy perspective, it is important to note the relative impacts of different parameters. To keep the discussion focused, consider the sPC associated with yield growth assumption (iv) for the 80% ceiling case. An aggressive population control policy increases SPC by 2 % in the medium run and by 7 % in the long run; increasing the rate of MV adoption raises it by 9% in the medium run, although it does not matter in the long run. The effect of increasing Mv yield growth rate from 1.42 to 2.00% raises SPC by 5% in the medium run, but raises it by 11 % in the long run. Similarly, the increase in sPC relative to the outcome corresponding to yield growth assumption (ii) is 18% in the medium run and 33% in the long run. 4
These results highlight that it is imperative to focus on yields if PPC and SPC are to be sustained in the long run. In addition, population control has long run benefits. In the short run, in addition to increasing yields, accelerating MV adoption will be the key to further growth.
The discussion has so far concentrated on the assumptions affecting production growth.
On the demand side, the projections were made under two assumptions: (a) with constant per capita demand, and (b) with per capita demand changing in response to GDP growth at the historical rate of 4.34% and an aggregate income elasticity for rice of 0.30. However, if
Bangladesh is successful in meeting the main objectives of its development policy, i.e., accelerating growth and poverty alleviation, these assumptions may not remain valid. Therefore, we simulated the likely impacts of the success of these policies on the SPC.
Raising GDP growth rate from 4.34 to 5.00% raises demand per capita and reduces the surplus. Thus, in the long run, sPc is positive only for the most optimistic scenario of MV yield growth (assumption (iv)), accelerated MV adoption, aggressive population control and 80% MV adoption ceiling; the magnitude of change, however, is reduced by half. In the medium run, the SPC is reduced by 2% in all cases, with the rankings of different cases remaining as in table 4.
The impact of structural poverty reduction policies (e.g., growth with redistribution or other pro-poor growth interventions) is summarily captured as an increase in the average aggregate income elasticity from 0.30 to 0.40 since lower income groups have a higher income elasticity of demand. The impact is to reduce spc, with magnitudes of change being coincidentally similar to the case of increasing GDP growth from 4.34% to 5.00%.
To maintain or increase output, both these simulations on the demand side underscore the earlier conclusion that attention has to focus on raising yields. They also have important implications for food self-sufficiency as an indicator of economic performance. The results suggest that achieving self-sufficiency can be very misleading when considered in isolation from other indicators such as production growth. This is because a slow-down in the rate of growth of GDP, or a more unequal distribution of income, will tend to produce a higher surplus (or lower deficit). Thus, while the economic performance may be deteriorating and/or poverty increasing (as indicated by a worsening income distribution), it might appear as if the country were doing well as measured in terms of achieving self-sufficiency, a cherished goal in a number of developing countries.'5
Finally, one methodological point related to the global food security debate is in order.
As mentioned in the introduction, studies have reached substantially different conclusions despite using the same historical evidence. The results obtained here show that holding all other parameters constant, varying the period over which the growth rate of modern variety yields is estimated gives dramatically different outcomes. For example, for the population growth of 1.49% and MV ceiling of 80% in the changing demand case, MV yield growth based on the 1973-94 or 1987-94 periods (0.00 and 1.42%) give a deficit of 32% or a surplus of 10%, respectively, 20 years hence. Or, relative to the 1992-94 average production of 10.9 million metric tons (MMT), Bangladesh could face a deficit of 3.5 MMT or a surplus of 1.1 MMT, depending on which estimate is used. Clearly, the former would qualify as a Malthusian outcome while the latter would be a no problem outcome.
Conclusions
With the area allocated to rice remaining virtually unchanged during the 20-year period examined, almost the entire growth in rice production in Bangladesh can be attributed to rising average yields. Further decomposition, however, revealed that almost two thirds of the growth was attributable to the conversion from local to modern varieties rather than to increases in varietal yields. Before the 1987 deregulation of the minor irrigation equipment sector, modern variety yields experienced an annual decline of 0.47%, raising concerns of resource degradation.
Simulation results reveal significant insights on the prospects for further growth in rice output in Bangladesh. Population control has long-run benefits, and speeding up the conversion from LV to MV could yield valuable surplus in the short to medium run. However, in the long run, these measures by themselves are unlikely to be able to compensate for a failure to raise yields. Further, if policies designed to raise the overall rate of economic growth and reduce poverty succeed, it will be even more critical to focus on yields. The results also suggest that focusing on self-sufficiency as a primary policy objective, in isolation from other indicators such as economic growth and income distribution, can be very misleading.
These findings have important implications for the global debate on the future food supply-demand imbalance. As an optimistic case for further gains from the current green revolution technology, the outlook for Bangladesh is quite revealing. There is clearly no alternative to increasing yields. This would entail a fuller exploitation of available technology by closing the existing yield gaps, increased research efforts to develop varieties with higher yield potentials, and additional research on the likely impact of current practices to pre-empt declining yields due to resource degradation. (1970 through 1994) . At least 18 releases of the semi-dwarf and short-duration varieties have been unpopular because of lower yield potentials as well as agro-ecological constraints (Hossain) . The most popular variety, BR-I I (introduced in 1980), currently covers over 73 % of total rice area. Almost all the remaining popular varieties have yields similar to BR-1l. Therefore, to avoid unnecessary complexity, a homogenous modern variety (MV) is assumed.
Years refer to crop years; for example, 1973 refers to the crop year 1972-73. Alauddin and Tisdell (1986) review the growth decomposition literature and evaluate alternative methods.
For example, for a 2-period change, the weights are calculated as ii
To see this, consider a 3-period case where growth rates between periods I and 2 and between 2 and 3 are given by ln(Q 2 /Q,) and ln(Q 3 /Q 2 ), respectively. The average growth rate is (1/2)[ln(Q 3 /Q 2 )+1n(Q 2 /Qd) or (l/2)1n(Q 3 /Q 2 ), hence not using information on Q 2 .
The augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) stationarity statistics were calculated for the disturbance term of each trend regression. They are reported in appendix B.
Pray in examining the quality of the Bangladeshi agricultural statistics, argued that the statistics -especially in the pre-independence period and a few years after independence -are not accurate. Given the desire to include as much information as possible in the post-green revolution period but at the same time retain an acceptable quality of data, the analysis starts in 1973, although complete rice data are available since 1969. In addition to the quality problems, there is some evidence that official rice statistics may contain artificial noise, a result of attempts by the Ministry of Food to attract foreign aid. Boyce (1987) and Alauddin and Tisdell (1987) discuss the data quality issue.
The GDP trend regression coefficient was 0.0425 (r-value = 32.35, R2 = 0.98, ADF =-3.99, PP = -4.01). The income elasticity of rice using the 1988 Household Expenditure Survey (BBS, 1991) was estimated to be 0.40. Ahmed and Goletti have used elasticities equal to 0.40 and 0.35. However, local researchers recommend that a lower figure would be a more realistic and updated estimate.
10 It should be noted that prices are assumed to remain constant at the current level. With the current domestic price of rice between import and export parity levels, projecting domestic price changes would, in effect, refect assumptions on world price movements which, although important scenarios, are beyond the scope of the present study.
The assumption of constant per capita demand is equivalent to assuming that GDP and population growth rates are identical, income elasticity of demand is zero, or a combination of the two factors.
12 Rice imbalance is calculated as q, -do for constant and q, -d, for variable demand. The percentage changes are calculated as: PPC, = 100*(q, -do)ldo and SPC, = 100*(q, -d,)1d 1 , which are the figures reported in table 4.
For the slow (3%) and accelerated (5%) rate of MV adoption, the 65% ceiling is reached in 9 and 6 years, while the 80% ceiling is reached in 16 and 10 years.
14 At the suggestion of one reviewer, we considered the possibility of increasing cropping intensity, effectively increasing total area. Simulation results indicate that holding MV yields at the current levels (scenario ii) and population following the low growth path, the cropping intensity would have to increase to 2 to maintain a zero rice imbalance in the year 2014 in the changing demand case (compared to the projected deficit of 23% if cropping intensity remained at the current level of 1.82). However, as noted earlier, the potential for inceasing cropping intensity significantly beyond the current levels is limited. -1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 FIGURE 3: Gross Area Allocated to Rice FIGURE 4: Per Capita Rice Production -----1973 1975 1977 1979 1981 1983 /985 1987 1989 1991 1993 1973 1975 1977 1979 198! 1983 1985 1987 1989 1991 1993 
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-00 and let k be the year in which a structural change has taken place. Typically, to account for such change (Al) is transformned as:
where D is a dummy variable taking the value of unity up to year k and zero elsewhere.
Since (A2) is equivalent to running two separate regressions, the trend lines may not necessarily intersect at the break point k. To eliminate this discontinuity we follow Boyce (1986) by imposing the following linear restriction:
Restriction (A3) ensures that the trend lines intersect at k. Solving (A3) for p2, substituting the resulting expression in (A2), and rearranging termns results in:
The hypothesis that /j =/,2 is then tested; rejection would indicate that a structural break did occur in year k. As Boyce has argued, in the absence of special circumstances (A4) is preferable to (A2).
Further, (A4) has the advantage of ruling out the possibility that the growth rate derived from (Al) falls outside the interval (fi, 8,2) as derived from (A2). 
APPENDIX B: GROWTH RATE ESTIMATES
